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Method for binding nucleic acids to a solid phase 
Description 

The invention concerns methods for binding and immobiHzing nucleic acids, 
respectively, on a solid phase and for purifying the bound nucleic acids in which the 
solid phase is coated with hydrophilic and hydrophobic groups or/and a hydrophilic 
water-containing polymer matrix. 

For many working techniques it is necessary that the nucleic acids that are used and 
in particular the DNA is free from interfering accompanying substances. Hence 
nucleic acids obtained by conventional methods have to be purified in most cases 
before further use. For example undesired byproducts, excess primers, non- 
incorporated nucleotides and salts of the reaction buffer have to be separated before 
sequencing PGR (polymerase chain reaction) products since they could interfere with 
the sequencing reaction. Also in the case of DNA amplification with the aid of cells, 
a purification is necessary in which the cell debris after a lysis is separated, before 
the desired DNA is processed further. The desired DNA then has to be freed from 
impurities such as RNA, proteins, salts etc. before use e.g. for a restriction digestion 
or a sequencing reaction. An initial purification is also required for a quantitative 
determination of nucleic acids for example by means of UV absorption 
measurements since the nucleic acid solution has to be free of other components that 
absorb in the same wavelength range as the desired products such as RNA, primers, 
nucleotides etc. to ensure an accurate determination. Purified nucleic acids also have 
to be used for a concentration determination by fluorimetric measurements to prevent 
unspecific fluorescence from falsifying the result. In the case of mass spectrometric 
investigations of nucleic acids, in particular DNA, for example using MALDI-MS 
(mafrix assisted laser desorption/ionization mass spectrometry) it is necessary that 
the sample molecules are substantially free from accompanying substances such as 
buffer substances, metal cations, excess primers, peptides, lipids, detergents etc. 
which could interfere with the analysis. Furthermore the nucleic acid is 
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advantageously converted into the ammonium form in order to carry out a MALDI- 
MS analysis. In this maimer discrete analyte signals and a good signal-to-noise ratio 
are achieved and discrimination of the sample signal by accompanying substances is 
prevented. 

When processing a few samples it is possible to use laborious manual techniques for 
the purification. However, in order to cope with a large number of samples it is 
necessary to provide a suitable, technically simple and cost-effective purification 
process that can be automated in order to manage the required throughput. 

Various methods for purifying nucleic acids are known. Various techniques are used 
for purification by means of columns. For example in the case of the QIAquickPCR 
purification kit fi-om Qiagen, DNA is adsorbed to a silica membrane with the aid of a 
special binding buffer. The effect of the binding buffer is that only DNA of a certain 
length is adsorbed and excess primers and nucleotides can be separated. After 
washing the DNA, it is then eluted from the column with a suitable elution agent. 

In the case of exclusion chromatography a liquid phase which contains dissolved 
DNA is applied to a gel matrix and the macromolecules penetrate into the network of 
the matrix to different depths depending on their size. Smaller molecules penetrate 
more deeply than larger molecules and are thus retained for a longer period on the 
colunm. Molecules which are larger than the largest pores of the swollen gel matrix 
used cannot penetrate into the gel particles and thus migrate past them and are the 
first to leave the column. A purification can be carried out based on the different size 
of the desired DNA on the one hand and on the primers and nucleotides on the other 
hand. Sephacryl from Pharmacia is a frequently used material for the gel matrix. 

In the column techniques the eluate is usually obtained by centrifiigation which is 
why it is very complicated to automate these techniques. Hence colunm procedures 
are not suitable for a high sample throughput. Moreover purification by means of 
colunms requires complex apparatus and is hence very costly. 



Another method for purifying DNA is preparative isolation by means of gel 
electrophoresis. In this method the molecules are separated according to their size. 
The desired band containing the molecules of interest is cut out and then directly 
eluted from the gel. This method is also difficult to automate, the limiting step being 
cutting out the desired bands. Hence it has previously only been possible to use this 
method for manual applications. 

Another method for purifying nucleic acids is magnetic separation by specifically 
binding the nucleic acids t^ a fimctionalized surface. Only certain DNA fragments 
are bound to particles in the specific binding process by means of high affinity 
interactions or covalent binding. For example biotinylated products are bound by 
means of high affinity interactions to magnetic particles coated with immobihzed 
streptavidin. In addition to the use of surfaces which carry one partner of a specific 
binding pair, it is also possible to use particles which carry a primer on their surface. 
Then only fragments which have a sequence that is complementary to this primer are 
bound under suitable hybridization conditions. However, these methods require a 
laborious preparation of the solid phases as well as of the molecules to be purified for 
example by derivatization and are thus Umited to molecules prepared in this manner. 

WO 94/1 1 103 describes such a method using magnetizable polymer particles which 
carry specific affinity ligands on their surface. 

EP 0 885 958 describes a method for isolating DNA using at least two different 
magnetic particles which carry partners of a specific binding pair such as probes, 
biotin or streptavidin. 

US patent 5,405,951 describes a method in which DNA is boimd to silica surfaces 
using chaotropic salts. However, chaotropic salts are injurious to health. Moreover 
the method described in the US patent 5,405,95 1 requires work at an elevated 
temperature. 
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US patent 5,705,628 describes a method in which DNA is bound to magnetic 
microparticles which have a surface provided with carboxyl groups using a binding 
buffer. However, due to the low yield it is necessary to use a relatively large number 
of particles per sample and the carboxyl group modification only allows the use of a 
few special types of particles. 

Hence the object of the invention was to provide a method for immobilizing/binding 
and purifying nucleic acids, respectively, which at least partially avoids the 
disadvantages of the methods known in the prior art and which in particular enables a 
simple and cost-efficient purification of a large number of samples. 

This object is achieved according to the invention by a method for binding nucleic 
acids to a solid phase which is characterized in that a solution containing nucleic 
acids is contacted with a soUd phase which has hydrophobic and hydrophilic groups 
on its surface in the presence of a salt and polyethylene glycol, whereby the nucleic 
acids are bound to the surface. Under these conditions the nucleic acid molecules 
bind to the said surface and are hence ready for solid phase-assisted washing 
processes during which interfering substances can be effectively separated and if 
required the sample molecules can be converted into the ammonixmi form 
advantageous for mass spectrometry. 

The method according to the invention enables nucleic acids to be isolated from 
solutions, the term nucleic acid being also understood to include salts thereof. The 
binding of the nucleic acids to the surface of the solid phase preferably takes place 
reversibly and unspecifically and is therefore not limited by special high affinity 
binding pairs such as streptavidin/avidin or to nucleic acids with certain sequence 
sections which can for example be bound to the surfaces by hybridization. According 
to the invention the nucleic acids are bound independently of their sequence and thus 
a xmiversal binding matrix for nucleic acids is obtained. The method is technically 
simple to carry out and can be readily automated to enable a high sample throughput 
at low costs. The immobilization and also the elution of the nucleic acids from the 
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surface can be carried out at room temperature. Furthermore it was surprisingly 
found that nucleic acids can be bound in a high yield to the said surfaces. As a 
consequence fewer particles per sample have to be used for the method according to 
the invention compared to the known methods which results in further simplification 
and cost reduction. 

The part of the soUd phase used that is brought into contact with the solution 
preferably has a proportion of > 1 %, in particular > 5 %, preferably > 10 % and of < 
90 %, in particular < 50 % and preferably < 30 % hydrophobic chemical surface* 
groups. In this connection it should be noted that when the percentage of • 
hydrophobic surface groups exceeds a particular value, which can be readily 
determined by a person skilled in the art for the respective solid phase, an 
agglomeration of solid phase particles occurs in aqueous solution with the 
consequence that the solid phase can no longer be resuspended. 

Small and in particular magnetic particles are preferably used according to the 
invention which carry functional hydrophobic groups on their surface such as alkyl 
or aryl groups to which nucleic acids can be bound unspecifically and reversibly. It is 
advantageous to use the functional groups known from reverse phase chromato- 
graphy since their immobiUzation and handling is well understood and established. 

It is also possible to use a solid phase with several active surface regions that are 
delimited by inert areas in order to provide several spatially delimited reagent fields. 

If not already present, the said surface of the solid phase can be prepared by 
derivatization or by coating. This procedure has the advantage that the material for 
the solid phase can be chosen freely. The hydrophobic chemical groups are 
preferably organic groups containing hydrocarbons and can have cyclic, linear or/and 
branched structures. The surface preferably carries C1-C30 alkyl groups or C5-C30 aryl 
groups in particular C6-C24 alkyl groups as functional hydrophobic groups. The alkyl 
groups are particularly preferably selected from Cg alkyl, Cig alkyl and mixtures 
thereof, octadecyl ligands being most preferred. 
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In addition to hydrophobic groups, the surface also has hydrophihc chemical groups 
e.g. hydroxyl or/and oxide groups which can optionally be already present in the case 
of the pre- or/and intermediate coatings mentioned below. As described above small 
particles with an entirely hydrophobic surface have a particular tendency to 
agglomerate in aqueous solutions. This problem can be avoided by providing the 
functional hydrophobic groups also with hydrophilic groups in particular hydroxyl 
residues. The hydroxyl groups can comprise inorganic hydroxyl groups e.g. silicic 
acid groups or/and organic hydroxyl groups e.g. monosaccharides or polysaccharides 
such as agarose. Other suitable hydrophilic groups comprise carbonyl, carboxyl, 
ester, amino, thiol, sulfate, sulfonyl and similar groups and combinations of such 
groups. Polyol derivatives such as polyalkylene glycol derivatives can also be used 
as hydrophilic groups. 

The arrangement and the ratio of hydrophobic to hydrophilic groups in the region of 
the surface intended for nucleic acid binding is adjusted such that the respective 
particles just no longer agglomerate in aqueous solution but nucleic acid binding is 
still effective. The functional groups as well as their arrangement can be selected by 
a person skilled in the art to match the respective parameters such as particle size, 
particle density, the analyte etc. It is for example possible to apply the hydrophihc 
groups to separate microregions that are delimited by the hydrophobic groups. 
However, a "mixed surface" is preferred in which the hydrophobic and hydrophihc 
groups are next to one another. The hydrophilic groups can also be introduced by 
means of suitable substituted organic molecules e.g. hydroxy-substituted alkyls. An 
example of a preferred mixed surface is an alkyl/OH surface in particular a Ci8 
alkyl/OH surface. 

The said surfaces can be appUed directly to the soUd phase or by means of a pre- or 
intermediate coating. Suitable precoatings are for example a polysilicic acid matrix 
or/and a monosaccharide matrix. Other suitable precoatings are partners of a specific 
binding pair, for example streptavidin/avidin, on which the actual active layer is then 
appUed. The binding of the hydrophobic or/and hydrophihc groups to the solid phase 
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or the binding of the hydrophobic or/and hydrophilic coating to the precoating and 
the binding of the precoating to the soUd phase can for example be achieved 
covalently e.g. by esterification, adsorptively or by means of high affinity 
interactions. In a particularly preferred embodiment a precoating composed of 
polysilicic acid and monosaccharide is applied to a solid phase such as y-iron oxide 
particles with a diameter in the nanometer or micrometer range. This precoating is 
then provided with hydrophobic groups in particular alkyl groups and optionally also 
with hydrophilic groups. Particularly good results were obtained with particles which 
have 10 to 15 % alkyl groups, in particular octadecyl groups per silicic acid matrix 
(mol/mol) and 0.2 % octadecyl groups per monosaccharide unit (mol/mol). 

Any solid phase known to a person skilled in the art can be used as the solid phase 
such as microtitre plates, vessels such as Eppendorf vessels, Greiner tubes. Nunc 
. tubes etc.. Solid particles having a diameter of > 1 nm to < 1 mm are preferably used 
■ as the solid phase which enables access to a favourable specific surface per gram 
particles. The method according to the invention allows the use of different solid 
phase materials. Preferred solid phase materials are silica, aplastic such as 
polystyrene or a magnetic or magnetizable material and in particular y-iron oxide. 

Further advantages are gained by using a magnetic solid phase. A magnetic 
separation is relatively easy to carry out and can be readily automated. If 
paramagnetic or para- and ferromagnetic particles are used as the solid phase, it is 
also possible to further reduce agglomeration of the solid particles. Small magnetic 
particles having a diameter in the nm or ^m range are usually used for magnetic 
particle techniques (e.g. firom the Dynal Company, Oslo, Norway) for which the 
problem of agglomeration is particularly severe. However, the purification according 
to the invention can also be carried out without agglomeration since an adequate 
number of hydrophilic groups and in particular hydroxyl groups are provided for the 
hydrophobic groups. 
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The binding of nucleic acids or salts thereof to the said surface is mediated according 
to the invention by a binding buffer. This binding buffer contains a salt and poly- 
ethylene glycol. An alkaline, alkaline earth or/and ammonium salt which contains in 
particular a Li, Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, Ra or/and NH4 ion as the cation 
is preferably used as the salt. The salt used according to the invention preferably 
contains a halide anion as the anion and in particular a chloride anion. The poly- 
ethylene glycol (PEG) used preferably has an average molar mass of 1000 to 20000 
g/mol, especially of 6000 to 15000 g/mol. 

Since the viscosity increases with increasing amounts of PEG, it is preferable to add 
an alcohol to the binding buffer, in particular methanol, ethanol, propanol and/or 
butanol and particularly preferably ethanol or/and 2-propanol. The alcohol content of 
the binding buffer can be up to 50 % by weight, preferably 30 to 40 % by weight. 

In general the salt is preferably used at a concentration of < 5 mmol/1, in particular 
of 5 mmol/1 to 4 mol/1 in particular of up to 3 mol/1 and the polyethylene glycol is 
preferably used at a concentration of 5 to 40 % for the method according to the 
invention. The stated concentrations of salt and PEG are final concentrations and 
relate to tiie binding conditions i.e. to the final mixture which contains the sample 
and a binding buffer and optionally other diluents such as water. 

The method according to the invention enables DNA to be immobilized and purified 
over a wide range of molecular weights. It is also possible to purify singlcrstranded 
DNA of only a few bases in size and also double-stranded DNA of several 100 kb in 
size, in particular BACs, PACs and such like. 

Nucleic acids which can be purified by the method according to the invention 
comprise for example single-stranded DNA, double-stranded DNA, RNA, LNA and 
nucleic acid-protein, nucleic acid-PNA and nucleic acid-sugar aducts or complexes. 
It is preferred to immobilize nucleic acids that are amplification products, for 
example firom a PGR reaction or which have been obtained by amplification with the 
. aid of cells e.g. by means of an overnight culture or sequencing reaction products. 



primer extension reaction products, ligase chain reaction products, restriction 
endonuclease digestion products etc.. However, it is also possible to bind synthetic 
nucleic acids. 

The selective binding of the single-stranded and double-stranded nucleic acids to the 
said surface can be adjusted on the basis of the concentration of the components and 
in particular of salt and PEG. It is possible to achieve a selectivity of > 70 %, in 
particular of > 80 % and particularly preferably of > 90 %. Double-stranded nucleic 
acids of > 80 bp bind selectively also in the presence of single-stranded nucleic acids 
at a concentration of monovalent cations of 0.5 to 4 mol/1, divalent cations of 

< 5 mmol/1 and PEG of < 15 % by weight. Single-stranded nucleic acids can be 
bound by adjusting the concentration of divalent cations to > 5 mmol/l and 

< 100 mmol/1 and PEG to 10 to 30 % by weight. The combination of both methods 
allows the selective purification of ss and ds nucleic acids. Double-stranded nucleic 
acids can also be fractionated according to size by adjusting the salt and PEG 
concentrations within the aforementioned ranges. In the case of small nucleic acids, 
in particular DNA, it has proven to be advantageous to use a final combination of 
PEG of 15 - 40 % (weight/weight) and a salt content of 10 to 1000 mmol/L 

In another embodiment the invention concerns a method for isolating or/and 
purifying nucleic acids comprising the steps 

(a) providing a solution containing nucleic acids, 

(b) contacting the solution containing nucleic acids with a solid phase which has 
hydrophobic and hydrophilic groups on its surface in the presence of a salt and 
polyethylene glycol whereby the nucleic acid is bound to the surface 

(c) separating the solid phase from the solution and 

(d) optionally detaching the nucleic acid from the solid phase. 

In the case of the preferred use of a magnetic solid phase, it is possible to 
magnetically separate the solid phase from the solution which thus can be readily 
automated. 



- 10 


The solid phase is preferably washed once before use. Depending on the application 
and surface, it is for example possible to use the binding buffer (BP) diluted with 
water (preferably 1:1) for washing. A solution of 0.5 mol/1 EDTA pH 8 - 9 can also 
be used. If it is intended to subsequently analyse the sample, it may be appropriate to 
wash the solid phase with several buffers which may also include an ammonium 
acetate buffer. 

The purification can be further improved by washing the separated solid phase on the 
surface of which the nucleic acid is bound with a buffer solution which detaches 
impurities bound to the solid phase but not the nucleic acid bound to the soUd phase. 
The composition of the washing solution is selected in accordance with the 
application and the surface. Suitable as washing solution are for example 50 - 70 % 
(vol/vol) ethanol or 2-propanol optionally containing EDTA, CDTA and TRIS in 
millimolar concentrations as additives. If the sample is subsequently to be analysed 
using mass spectrometry, it is preferable to use a washing solution containing 
anraionium acetate in at least one washing step e.g. 0.05 to 5 mol/1 ammonium 
acetate in 60 to 80 % ethanol. It is often also advantageous to carry out the 
purification in several washing steps with different washing buffers. 

The nucleic acid molecules or salts thereof boimd to the said sxirface are preferably 
separated by means of an elution solution, and any liquid can be used as the elution 
solution which detaches the nucleic acid from the solid phase. The choice of elution 
solution depends on the type of siuface and analyte and on the subsequent use of the 
analyte. The following are preferably used as the elution solution: twice distilled 
water, pH 7 to 8, an aqueous TRIS solution with a TRIS concentration of 1 to 
100 mmol/1, preferably with a pH value of 7 to 9, a formamide solution, a loading 
buffer for electrophoresis, a matrix solution e.g. 3-hydroxypicolinic acid in water 
(1 - 200 mmom) for MALDI-MS etc. 
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A magnetic solid phase can in turn be separated by magnetic means after detachment 
of the nucleic acid which allows a complete automation of the method according to 
the invention. 

The nucleic acids that have been isolated or/and purified by the method according to 
the invention can be used directly for fiirther analysis e.g. a mass spectrometric (MS) 
analysis. The complicated manual purification of the prior art by means of colunms 
is not necessary. In contrast it is possible to automatically purify a large number of 
samples in a cost-effective and rapid manner for an MS analysis, in particular a 
MALDI-MS analysis or an ESI (electrospray ionisation) MS analysis. This process 
removes especially accompanying substances such as buffer substances, metal 
cations, excess primer, peptides, lipids, detergents and such like. The nucleic acid is 
advantageously converted into the ammonium form in order to carry out a MALDI- 
MS analysis e.g. by exchanging the ion Na"*" for NHa^ which can be carried out while 
the nucleic acids are bound to the surface. Hence the type of binding according to the 
invention allows a purification procedure i.e. the nucleic acid is present in an 
accessible form and not as a precipitate. Small DNA molecules are of particular 
interest for an analysis using MALDI-MS. The method according to the invention 
allows the purification of small DNA molecules above a minimum size of ca. 5 
nucleotides and in particular of > 10 nucleotides. The method according to the 
invention effectively separates components which would interfere with the MALDI- 
MS analysis such as buffer substances and metal cations and excess primers that may 
be present. Moreover the DNA molecules are converted into the anMnonium form 
which is compatible for a MALDI-MS analysis and can be optionally eluted in pure 
water or in an aqueous matrix solution and thus be directly transferred onto the 
MALDI target. A modification of the composition of the binding and washing buffer 
and the sequential use of particles also allows larger DNA molecules to be excluded 
from the purification which enables a predetermined molecular weight range to be 
selected e.g. > 60 bp and < 100 bp. 
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Variation of the salt and PEG concentration also enables the efficient purification of 
small oligonucleotides such as primers (ssDNA) and primer extension products for 
an analysis with MALDI-MS. 

A further advantage is the broad volume range in which the method according to the 
invention can be used. Volumes in the ml to the upper nl range are possible in 
particular of < 10 ml, preferably < 1 ml and especially preferably < 100 kiI and 
> 100 nl, preferably > 1 jxl. The volume range can be adjusted to the respective 
application, a concentrated sample being obtained in the case of a small volume. 

It is also possible to sequence nucleic acids bound according to the invention by 
known methods. The sequencing conditions of known methods often represent 
elution conditions i.e. the nucleic acid is not bound to the solid phase during the 
actual sequencing. In such a case it is advantageous for the purification of the 
sequencing products to readjust the conditions for binding especially by adding- 
suitable buffers after completion of the sequencing reaction. The solid phase and in 
particular the beads do not have to be separated for the sequencing reaction and 
subsequent purification. It has tumed out that solid phases and in particular particles 
often do not survive the thermocycling used for sequencing in an undamaged form. 
In such a case, new, unused beads are added after the sequencing reaction. 

The invention also encompasses a method for synthesizing nucleic acids in which 
nucleic acids bound according to the invention are extended by at least 1 nucleotide 
by known methods. An example of such a reaction is the so-called primer extension 
reaction i.e. the extension of a primer (ssDNA) by at least 1 nucleotide. The 
extension can be carried out while the nucleic acid is bound to the solid phase. Since, 
however, the conditions which are set for extending nucleic acids often correspond to 
elution conditions, the extension can also in this case take place while the nucleic 
acid is not bound to the solid phase and the extended nucleic acid is then 
subsequently bound again by adjusting conditions for binding after the extension 
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reaction for example by adding buffer. The solid phase does not have to be separated 
during the entire reaction. 

The nucleic acids immobilized by the method according to the invention can also be 
used to selectively bind other molecules to be detected such as nucleic acids or DNA 
binding proteins and can therefore be used in corresponding assays. Hence the 
invention also comprises a method for detecting an analyte in a sample in which a 
solution containing nucleic acids is contacted with a solid phase which has 
hydrophobic and hydrophilic chemical groups in the presence of a salt and 
polyethylene glycol whereby the nucleic acids are bo\md to the surface, subsequently 
the solid phase having the bound nucleic acid is contacted with the sample and the 
analyte is detected by means of the binding to the bound nucleic acid molecule. 

Finally the invention also encompasses a reagent kit for carrying out the method 
according to the invention which has a bmding buffer containing a salt and 
polyethylene glycol and a solid phase which has hydrophobic and hydrophilic groups 
on its surface. Such a reagent kit preferably additionally contains washing and 
elution buffers. 

The invention additionally provides a method for binding nucleic acids to a solid 
phase which is characterized in that a solution containing nucleic acids is contacted 
with a solid phase which comprises a hydrophilic water-containing polymer matrix in 
the presence of dehydrating reagents whereby the nucleic acids are reversibly and 
sequence-unspecifically boxmd to the solid phase. 

It was surprisingly found that the use of hydrophilic water-containing polymer 
matrices enables a high binding capacity to be obtained with regard to nucleic acids 
and also enables the isolation of very small DNA fragments, for example having a 
length of 10 to 100 bp, in particular of 30 to 70 bp. Moreover, depending on the 
choice of the hydrophilic water-containing polymer matrix, it is possible to 
selectively bind nucleic acids according to size. 
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In the method according to the invention the hydrophilic water-containing polymer 
matrix is preferably firstly contacted with a solution containing nucleic acids and 
then a dehydrating agent is added in a second step. Suitable dehydrating agents are 
salts, in particular chaotropic salt buffers at a high concentration and polyethylene 
glycol. Preferred salts and polyethylene glycols and their concentrations are as 
described above. 

The use of a hydrophilic water-containing polymer matrix as a solid phase material 
instead of silica or boron silicate glass that is usually used, allows a reversible and 
sequence-unspecific binding of nucleic acids. The polymer matrix preferably 
contains 1 to 90, more preferably 10 to 50 % by weight water. 

The hydrophilic water-containing polymer matrix preferably contains a hydrophihc 
water-soluble polymer and in particular a hydrophilic water-soluble organic polymer. 
Polysaccharides are particularly suitable and in particular polysaccharides with 
terminal hydroxyl groups such as dextran or starch. Dextran is particularly preferred. 
The hydrophilic water-containing polymer matrix is particularly preferably provided 
as an envelope polymer around a magnetic core for example in the form of dextran 
magnetite particles. 

The surface of the hydrophilic water-containing polymer matrix can contain 
hydrophilic or/and hydrophobic groups. An embodiment is preferred in which a soUd 
phase is used which has hydrophobic as well as hydrophilic groups on its surface as 
described above and at the same time comprises a hydrophilic water-containing 
polymer matrix. 

A solid phase with a hydrophilic water-containing polymer matrix can be used in the 
same manner as described above in a method for isolating or/and purifying nucleic 
acids or in a method for detecting an analyte in a sample. Furthermore it can be used 
to determine the nucleic acid sequence of a nucleic acid or to synthesize nucleic 
acids. 
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The method according to the invention is further illustrated by the attached figures 
and the following examples. 

Figure 1 (comprising fig, la and lb) shows an agarose gel of PGR products 

purified according to the invention and of PGR products that have been 

purified using GOOH-coated particles: 
Figure 1 a shows a comparison of the yields using an NH4GI binding buffer (left) 

and an NaGl binding buffer (right) for PGR products purified according 

to the invention (G18/OH beads) and for PGR products that have been 

pvmfied using GOOH-coated particles (GOGH beads). 
Figure lb shows a further comparison of yields using NH4GI binding buffer. 
Figure 2 (comprising fig. 2a, 2b and 2c) shows the isolation and purification of 

ssDNA and dsDNA by the method according to the invention for a 

MALDI-MS analysis: 
Figure 2a shows the MALDI time-of-flight mass spectrum of PGR products 

purified according to the invention having 47 or 48 base pairs. 
Figure 2b shows the MALDI time-of-flight mass spectrum of a PGR product 

purified according to the invention having 80 bp. 
Figure 2c shows the MALDI time-of-flight mass spectrum of a DNA single-strand 

purified according to the invention of 24 nucleotides in length. 

In MALDI single-charged molecular ions of the species (M + H)"" are preferably 
formed and double-charged molecular ions of the species (M + 2H)^^ are also formed 
at a lower fi-equency. If no special measures are employed PGR products are 
separated during the MALDI mass spectrometry and detected in the form of single 
strands. The signals of complementary single strands are often only partially resolved 
due to the small differences in mass. The size of the PGR products can nevertheless 
be determined by comparing the measured average masses with estimated values or 
values calculated on the basis of known sequences. The (M + H)"^ signals of non- 
separated primers would be registered in the spectra at the positions marked with 
arrows. 
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Examples 

Example 1 dsDNA isolation and purification from PGR (polymerase chain 
reaction) 

Magnetic particles which have hydrophobic and hydrophihc groups on their surface 
are firstly washed three times with 150 |xl EDTA solution (0.5 moI/1, pH 8) by 
magnetically separating the particles and discarding the supematant. After the last 
wash the particles are taken up in EDTA solution and mixed. The mass concentration 
is 20 mg/ml. 

The samples to be examined are placed in a microtitre plate (e.g. 96 well). 40 ^il 
binding buffer (2.5 mol/1 NaCl, 20 % (w/w) PEG6000) and 10 ^1 of the particle 
suspension are added to 40 \x\ sample volume, mixed and incubated at room 
temperature for 10 min. 

The microtitre plate containing the samples is subsequently placed for 2 min in a 
magnetic holder, the supematant is discarded and the particles are washed twice with 
150 |il washing buffer (40 % ethanol) and subsequently dried in air for 2 to 5 min. 

Finally the microtitre plate is removed from the magnetic holder and the particles are 
resuspended in 20 ml elution buffer (1 mmol/1 Tris-HCl) and incubated for 5 min. 
The microtitre plate is then again placed in the magnetic holder and the eluate is 
removed after 2 min. 

The DNA contained in the eluate could be used without fiirther purification for 
concentration determinations, DNA sequencing etc.. 

Example 2 ds DNA isolation and purification from cell culture 

Cells from an overnight culture were pelleted and the supematant was discarded. The 
cell pellet was taken up in 40 \il resuspension buffer (50 mmol/1 Tris-HCl, pH 8, 
10 mmol/1 EDTA, 100 ng/ml RNAse A) and mixed. Then 40 ^il lysis buffer 
(200 mmol/1 NaOH, 1 % (w/w) SDS) was added and mixed. After adding 40 nl 
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neutralization buffer (3 moVl KOAc, pH 5.5) and mixing, it was centrifuged for 
15 minat 13,000 rpm. 

The supernatant was transferred to a fresh microtitre plate. Magnetic particles 
according to the invention were washed three times with 150 |il EDTA solution 
(0.5 mol/1 pH 8) by magnetically separating the particles and discarding the 
supernatant. After the last wash the particles were taken up in EDTA solution and 
mixed. The mass concentration was 20 mg/ml. 

120 ^1 binding buffer (2.5 mol/1 NaCl, 20 % (w/w) PEG6000) and 10 ^il of the 
particle suspension was added to 120 jil sample volume. After mixing the 
preparation it was incubated for 5 min at room temperature. 

The microtitre plate containing the samples was subsequently placed for 10 min in a 
magnetic holder, the supernatant was discarded and the particles were washed twice 
with 120 ^1 washing buffer (70 % ethanol, 10 mmol/1 Tris-HCl, pH 8, 1 mmom 
EDTA) and subsequently dried for 5 min in air. 

The microtitre plate was then removed from the magnetic holder and the particles 
were resuspended in 50 ^il elution buffer (1 mmol/1 Tris-HCl, pH 8), incubated for 
5 min and the plate was then again placed in the magnetic holder and the eluate was 
removed after 2 min. 

The DNA contained in the eluate could be used without fiirther purification for 
concentration determinations, DNA sequencing etc. 

Example 3 Comparison of yields 

Figure 1 shows an agarose gel of purified 100 bp PGR products. The purification was 
carried out according to the invention and also using COOH-coated particles (cf US 
patent 5,705,628). 100 pmol of a ssDNA of 32 nucleotides in size was added to the 
PGR products before purification. As can be seen from the figure of the agarose gel, 
the desired nucleic acid is obtained in a purified form and undesired substances 
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including the 32 nucleotide ssDNA are separated. Furthermore the yield of the 
method according to the invention is considerably higher than that of the COOH- 
coated particles . 

Example 4 Purification protocol 

In order to purify double-stranded DNA (cf. figure 2a and 2b) PGR reactions were 
each carried out in 40 |al reaction volumes in 96-well microtitre plates. Magnetic 
particles were magnetically separated before use, the supernatant was removed by 
pipette and the particles were resuspended in an aliquot of the binding buffer. After 
completion of the amplification reaction, 5 |il of the suspension of the magnetic 
particles was added to each reaction vessel, followed by 50 |il binding buffer and 
namely 1.5 M ISHHUCLMOmM MgCh in 40 % (w/w) PEG 6000/60 % (w/w) H2O for 
the PGR products of 47/48 bp (cf. figure 2a) and 2.5 M NH4GI in 30 % (w/w) 
PEG 6000/70 % (w/w) H2O for the PGR product of 80 bp. 

The resulting suspension was thoroughly mixed and allowed to stand for 10 min. 
Afterwards the particles were separated magnetically, the supematant was removed 
by pipette and replaced by 105 ^1 65 % (vol/vol) ethanoy35 % (voyvol) H2O 
(washing solution 1). The magnetic particles were moved twice through the washing 
solution by transferring the vessels. Subsequently the supematant was successively 
replaced by 1 15, 125 and 135 ^l 1.5 M ammonium acetate in 30 % (vol/vol) H2O, 70 
% (vol/vol) ethanol during which the particles were moved five times through the 
new washing solution 2. The supematants were in each case discarded. Finally the 
particles were washed twice with 145 ^1 80 % (vol/vol) ethanol/20 % (vol/vol) H2O) 
(washing solution 3) during which the particles were each moved twice through the 
solution. After the last supematant was removed by pipette, the particles were 
allowed to stand in air for 10 min in order to allow the remaining ethanol to 
evaporate. Subsequently the particles were resuspended in 5 |il 1 mM Tris-HCl, pH 
7.5 (elution solution). After 10 min the particles were separated magnetically and 0.5 
III of the supematant was transferred onto a fireshly cleaned MALDI sample carrier 
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and mixed there with 0.5 \il matrix solution (200 mM 3-hydroxypicolinic acid in 30 
% (vol/vol) acetonitrile/70 % H2O (vol/vol). After evaporating the solvent, the 
sample was analysed in a Bruker Reflex II MALDI time-of-flight mass spectrometer. 

In order to purify the single-stranded DNA (cf. figure 2c), 10 pmol of a 24 nucleotide 
oligodeoxyribonucleotide in 40 \i\ PGR reaction solution was added first and 5 \i\ of 
the suspension of the magnetic particles (in binding buffer) was added followed by 
50 n\ binding buffer (1.5 M NH4CI/4O mM MgCh in 35 % (w/w) PEG 6000/30 % 
(vol/vol) ethanol). The washing procedure differed from that described above in that 
the first wash was omitted and the washing solution 2 was replaced by 100 mM 
ammonium acetate in 30 % (vol/vol) H2O/7O % (vol/vol) ethanol. The elution and 
subsequent analysis of the purified product was carried out as described above. 


